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An oriented structure for treating a fluid, comprising an Inlet end for recelving a fluid to be treated and an outlet end opposite the
Inlet end and from which a treated fluid Is discharged, the fluid being allowed to flow into the structure from the inlet end to the outlet
end defining a flowing direction. The oriented structure comprises a juxtaposition of layers of porous material having a different
porosity, each layer spanning from the inlet end to the outlet end of the structure whereby In use the layers are oriented generally
parallel to the flowing direction of the fluid. The oriented structure is designed so to better control the different biological and
physical phenomena related to the accumulation or exchange processes taking place in the structure.
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(57) Abstract: An oriented structure for treat-
ing a fluid, comprising an inlet end for receiving
a fluid to be treated and an outlet end opposite
the inlet end and from which a treated fluid is
discharged, the fluid being allowed to flow into
the structure from the inlet end to the outlet end
defining a flowing direction. The oriented struc-
ture comprises a juxtaposition of layers of porous
material having a different porosity, each layer
spanning from the inlet end to the outlet end of
the structure whereby in use the layers are ori-
ented generally parallel to the flowing direction
of the fluid. The oriented structure is designed
so to better control the different biological and
physical phenomena related to the accumulation
or exchange processes taking place in the struc-
ture.
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AN ORIENTED STRUCTURE FOR TREATING A FLUID

FIELD OF INVENTION

The present invention relates generally to the treatment of a fluid. More
particularly, it concerns an oriented structure for treating a fluid.

PRIOR ART DESCRIPTION

‘The use of biofilters or filters for water treatment and air treatment has

been known for a long time. Already known in the art of water treatment,
there is a reactor filled with porous material allowing water to flow either
upwardly through the porous material in a submerging mode or
downwardly in a percolating or submerging mode. In 3 submerging mode,
the system consists of a solid-liquid bi-phase system while in a percolating
mode, the system consists of a solid-liquid-gas tri-phasé system.
Depending on the goals of the treatment, the solid phase can be used for
retaining particulate material, fixing micro-organisms and settling chemical
reactions. The following review of the prior art is more specifically directed
to filtering systems using percolating and tri-phase biofilters for treating
waste water. However, some of the described phenomena can yet be

applied to bi-phase reactors in a non-exclusive manner.

Eqguation 1 shows the relation existing between the three phases (solid,
liquid, gas) In terms of hold-up corresponding to a fraction of the total
volume of the reactor occupied by each of these phases.

1=¢ggt g + £ (1)
The solid hold-up, or €5, can be subdivided in three components.

eg= egM + g0 + 4P (2)
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where gg' corresponds to the fraction of solid volume occupied by the

filtering material, esb corresponds to the fraction of solid volume occupied

by the biomass and £gP corresponds to the fraction of volume occupied by

the particulate materials retained in the trickling bed.

The liquid hold-up, or g| , can be subdivided in two components:
el =€ S+ 9 (3)

where a|_d corresponds to the fraction of liquid volume occupied by the

liquid in movement or flowing down and €S corresponds to the fraction of

liquid volume occupied by the static liquid held up in the trickling bed.

In the same way, gaseous hold-up, or €y Ccan be subdivided in two

components, that is a static component (egs) and a dynamic component

(ﬁgd)i
£q = EgS + €40 (4)
g=tg" T &g

Taking as a reference the simple percolation sand filter, a very widespread
technology (described for example in WO09700770 corresponding to

- CA 2,247,519, FR 2,745,195 in the name of Eparco), one can observe,

with time, a clogging phenomena in the upper part of the trickling bed,

caused by the accumulation of neo-formed biomass (esP) and of particulate

materials (egP). This clogging phenomena in the upper part limits the flow
of gaseous fluids and liquids (increase of eg to the detriment of £ and £g)-

This decrease of gaseous fluids flowing towards the bottom can cause, in

the gaseous hold-up (Eg) of the trickling bed located under the upper part,
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a limitation i oxygen. Such limitation can cause a slowing-down, even a
complete stop of the oxidation reactions taking place in this part of the
trickling bed. On its side, the limitation of the liquid flow on the surface of
the bed causes a reduction of the hydraulic conductivity of the trickling bed

which in turn can cause a decrease in the water volume than can be
treated in a given time.

'On the other hand, the operation of the reactor in a percolating mode can

have the effect of Increasing the liquid hold-up (g}) in the lower part of the
trickling bed, such increase resulting from a capillary phenomenon. The
proportion of the static (¢; S) and dynamic (aLd) fractions of the liquid hold-
up (1) in this part of the bed can vary depending on whether the reactor is

fed or not. This increase in the liquid hold-up (€|) causes a reduction of the
gaseous hbld-—-up (ag) in the lower part of the trickling bed, thereby limiting

the gaseous exchange with the part located above the lower part. In turn,

this can cause in the upper part, in the gaseous hold-up (Eg) of the trickling

bed, a limitation in oxygen. This limitation can also lead to a slowing-down,
even a complete stop, of the oxidation reactions taking place in this zone.

Finally, resulting from the water energy dissipated, many filtering materials
operated in percolation mode undergo a compaction effect which leads to a
decrease of the gaseous hold-up (€g)-

To increase the efficiency in terms of the oxidation capacity or the lifetime
of trickling ;biofilters{ different strategies, used alone or in combination
(sometimes with contrary effects) have been adopted until today. Most of
the times, these strategies involve the use of bulk and non-oriented
materials.
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Vertical spreading of the clogging zone

Good gaseous and liquid flows towards the bottom (reduction of £g) of the

trickling bed can be maintained by vertically spreading the clogging zone
appearing in the upper portion of the trickling filter. One solution to reach
this goal is to recirculate a portion of the final effluent of the trickling bed
into the trickling bed. Such recirculation leads to a dilution and an increase
of the interstitial liquid velocity. This practice is however limited by the
hydraulic loading capacity of the filtering material and by the fact that the

increase of the superficial liquid velocity leads to an increase of the liquid
hold-up (g} 9) to the detriment of the gaseous hold-up (€g)- Such limitation

has to be compensated in some cases by the use of a mechanically forced
aeration provided by a fan or compressor. Moreover, such operation often

implies using expensive pumps and valves.

The vertical épreading'of the clogging zone can also be increased by

adjusting or changing different factors related to the porosity and porometry

of the filter structure. To do so, one can mix more or less homogeneously
components of different granulometry so as to obtain a structure with a

larger and more extended porometry, as in Canadian patent no. 2,009,752.
Others choose a structure comprising elements having an important

percentage of empty voids interconnected inside and between each
element. Polyurethane bodies are often used for this type of filter structure
with two levels of porosity, as for example in Canadian patent application

no. 2,139,554. These modifications are limited by the manufacturing or

“installation costs of the filtering medium and/or by the loss of efficiency

caused by the reduction of the residence time of the liquid {o be treated in
the reactor (reduction of €| ).

- Finally, it is possible to increase the spreading of the clogging zone while at

the same time keeping a good purification capacity, and that, by changing



10

15

20

29

WO 02/06166

CA 02410541 2002-11-25
PCT/CA01/01022

the porometry of the filter structure and by Introducing unit separators
therein for providing a hydraulic discontinuity at different levels. The
superimposition of distinct layers induces an upward capillary flow at those
different levels, thereby allowing an Increase in liquid hold-up (g) and, at

the same time, an increase in the residence time of the liquid to be treated:;
and that, despite a more open porometry (Canadian patent no. 2,171,279).
However, the spreading of the clogging zone which results from an
increase of the liquid hold-up (g ) by a hydraulic“failure Is obtained to the

detriment of the gaseous hold-up (eg). This situation could require the use

of a mechanically forced aeration or the frequent replacement of the filter
structure.

Other examples of prior art filtration systems are given in US 4,101,423:
US4,490,072; US4,745,716; US4,574,541; US4,639,165; US4,917,536:
US4,815,892; US4,925,342; US4,983,068; US5,114,582; US5,232.429:
US5,273,818; US5,5,624,204; US5,776,567; US5,827,430; US5,980,748:
US6,048,131; US6,077,376; US4,880,333; US5,609,947; US5,096,591:
US4,465,594; CA2,009752; CA2,139,554: and CA2,171,279.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an improved structure for
the treatment of fluids. :

Another object is to provide a structure aiming to better control the different
biological and physical phenomena related to the accumulation or
exchange processes taking place in the structure.

More particularly, the present invention provides an oriented structure for
treating a fluid, the structure comprising an inlet end for receiving a fluid to
be treated and an outlet end opposite the inlet end and from which a
treated fluid is discharged, the fluid being allowed to flow into the structure
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from the inlet end to the outlel end defining a flowing diréction. The

oriented structure also comprises a juxiaposiiion of lavers of porous
material having a different porosity, each layer spanning from the inlet end

‘to the outlet end of the structure whereby in use the layers are oriented

generally parallel io the flowing direction of the fiuid. The structure is
characterized in that the juxtaposiﬁon of layers comprises lavers of a first
material having a first porosity chosen so as {0 create a zone of dynamic
hold-up of the fluid alternating with layers of a second material having a
second porosity chosen so as to create a zone of static hold-up of the fluid,
thereby promoting internal exchanges of fluid between the zone of dynamic

hold-up and the zone of static hold-up.

One understands that the treatment of a fluld encompasses the filtration as
well as the biofiltration of a fluld. it can also encompass the treatment by
adsorption and/ or absorption according to the type of material used.

The fluid that can be treated with a structure according to the present
invention can be a liquid or a gas, more preferably it is a liquid and most

preferably it is waste water

By juxtaposition of layers, one understands the alternation of layers as well
as the inclusion of different layers of materials as it will be more fully

described hereinatier.

The juxtaposition of the materials with different porosity can be done
vertically, horizontally or obliquely.

According to another aspect, the present invention also provides an
oriented structure for treating a liquid, the structure comprising:

a top side opposite a bottom side;

an inlet in the top side for receiving a liquid to be treated and an
outiet in the botiom side from which a treated liquid is discharged, the liquid
being allowed to fiow into the structure from the inlet to the outlet end

defining a flowing direction;

B R AR I ™™~y ™™g I~
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~a vertical juxtaposition of layers of fiber textile alternating with layers
of peat, each layer spanning from the top side to the bottom side of the
structure wheréby in use the layers are oriented generally parallel to the
flowing direction of the liquid; the structure being characterized in that the
fiber textile has a porosity chosen so as to create a zone of dynamic hold-

up of the fluid and that the peat has a porosity chosen so as to create a
zone of a static hold-up of the fluid, thereby promoting internal exchanges

of liquid between the zone of dynamic-hold-up and the zone of staﬁc hold-
up.

According to another aspect, the invention provides a reactor for treating a

liquid, the reactor comprising:
a chamber with an upper portion and a lower portion;

a liquid inlet in the upper portion for introducing in the chamber a
liquid to be treated and a liquid outlet in the lower portion for discharging
from the chamber a treated liquid; and

at least one oriented structure as defined above mounted within the
chamber, each layer of the at least one oriented structure spanning
generally vertically within the chamber. '

According to a still further aspect, the invention provides a method for
manufacturing an oriented structure as defined above, comprising the

steps of.

a) providing two mats of a first porous material having a porosity
chosen so as to creafe a zone of dynamic hold-up of the fluid; and a
second porous material in particulate having a porosity chosen so as to
create a static hold-up of the fluid;

b) forming a mulitilayer structure by covering one of said two mats
with a layer of the second material and covering the layer of the second
material with the other one of said two mats; and '

c) rolling up the multilayer structure.
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A further object is to provide a method for treating waste water by oxidising
carbonaceous and nitrogenous matters and retaining solids, by means of
biofiltration, comprising the steps of:
a) providing an oriented structure comprising:
~ an inlet end for receiving waste water and an outlet end opposite
“the inlet end and from which treated water is discharged,

—- a juxtaposition of layers of porous material having a different

porosity, each layer spanning from the inlet end to the outlet end of the

structure whereby in use the layers are oriented generally parallel to a

10 flowing direction of the waste water, the oriented structure being

characterized in that:

- the juxtaposition of layers is chosen to comprise layers of a first
material consisting of a fibrous material having a first porosity to create a
zone of dynamic hold-up of the water alternating with layers of a second
material selected from the group consisting of fibrous and particulate
material having a second porosity which is smaller than the porosity of
said first porosity to create a zone of static hold-up of the water, when the

water is allowed to flow in the structure in a percolating mode;
b) feeding the inlet of the oriented structure with waste water and
20 allowing the water to flow into the structure from the inlet end to the outlet end in
a percolating mode to provide internal exchanges between the zone of dynamic
hold-up and the zone of static hold-up by maintaining the velocity of fluid in the
dynamic zone less than the transfer velocity between the dynamic and the static

Z0Nes.
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BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of tHe invention will become more apparent
upon reading the detailed description and upon referring to the drawings in

which :

o Figure 1a) is a schematic side view of an oriented structure according to a
preferred embodiment of the invention, the arrows iIndicating the flow
direction of the liquid when the structure is used in a percolation mode.

Figure 1b) is the oriented structure of figure 1a), showing with the arrows,
the flow direction of the liquid when the structure is used in a partial or
10 complete submerging mode and is fed vertically from top to bottom.

Figure 1c) is the oriented structure of figure 1a) and 1c), showing with the
arrows, the flow direction of the liquid when the structure is used in a
submerging mode and is fed vertically from bottom to top.

Figure 2 is a schematic view an oriented structure according to another
15 preferred embodiment of the invention which comprises a superimposition
of layers of porous material, the structure being fed horizontally.

Figure 3 is another view of the oriented structure of figures 1a) to 1c) with a

portion shown in an enlarged circle taken at the junction between two

layers of porous material, and wherein arrows had been added to show the
20  internal exchange direction between two layers. " |
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Figure 4 is another view of the oriented structure of figure 2 with a portion

shown in an enlarged circle taken at the junction between two layers of
porous material.

Figure 5 is a schematic perspective view of an oriented structure according
to a further preferred embodiment of the invention.

Figure 6a) and 6b) are schematic perspective views of still further preferred
embodiments of the invention.

Figure 7 is another perspective view of the oriented structure shown in

figure 5 showing how a sacrificial maintenance can be performed by
removing an upper section of the roll.

Figure° 8 is a side elevational schematic view of an oriented structure
according to a still further preferred embodiment provided with an inlet
zone having a differential of porosity, as best shown in the enlarged circle.

Figure 9 is a cross-sectional side view of a reactor according to the
invention. |

Figure 10 is side elevation view of a plant embodying a piurality of reactors
according to the invention.

The invention will be described in conjunction with example embodiments.
It will be understood that it is not intended to limit the scope of the invention
i0 such embodiments. On the contrary, it is intended to cover all
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alternatives, modifications and equivalents as may be included as defined
by the appended claims.

DESCRIPTION OF PREFERRED EMBODIMENTS

In the following description, similar features in the drawings have been

given similar reference numerals and in order to weight down the figures,

some elements are not referred to in some. figures if they were already.

identified in a2 precedent figure.

Referring to either one pf figures 1 to 6, the oriented structure (10)
generally comprises an inlet end (12) for receiving a liquid to be fiitered and
an outlet end (14) opposite the inlet end (12) and from which a filtered
liguid is discharged. The liquid is allowed to flow into the structure (10) from
the inlet end (12) fo the outlet end (14) defining -a flowing direction. The
structure (10) also comprises a juxtapositibn of layers (16, 18) of porous
material having a different porosity, each layer (16, 18) spanning from the
inlet end (12) to the outlet end (14) of the structure (10) whereby the layers

(16, 18) are substantially parallel to the flowing direction of the liquid in the

structure (10).

The present invention thus concerns an oriented structure (10) for treatihg
a fluid, preferably a liquid, made by.the alternation or inclusion, in a vertical,
horizontal or intermediate plan, of materials of different porosities, fed
vertically or horizontally. As an example for treating a liquid, in a complete
or partial submerging mode, an oriented structure {(10) comprising a

superimposition of layers (16, 18) should be fed horizontally as shown in
figure 2. Whiie an oriented structure (10)'compr‘ising a vertical juxtaposition

of layers (16, 18) should be fed verticaily from bottom to top, when used in

a submerging mode, as in figure 1c), or from top to bottom, in a percolating

AMENDED SHEET

14-02:2002
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or partial or complete submerging mode, as shown respectively in figures
1a) and 1b). Thus, in an oriented structure according to the invention (10),
the alternation of materials having a different porosity creates different

zones, identified as zones 1 and 2, in figure 3, which favour a dynamic

hold-up of the fluids (a|_d and agd ) in zone 1, and a static hold-up of the

same fluids (g5 and gg®), in zone 2. By varying the thickness, the

porometry and the porosity of the porous materials used, as well as the
fluid velocity, it is possible to better control the different biological and
physical phenomena related td the accumulation or exchange processes
taking place in the structure (10). One will note that this type of filtration or
biofiltration structure can be used at different levels in a treatment process,
it can be used as a secondary .treatment as well as a tertiary treatment.

~ Also, an operation strategy based on the recirculation of a fraction of the

treated effiuent can be considered with this type of treatment.

Still referring to figure 3, on one hand, the exchange betWeen the zones
dominated by the dynamic hold-up of a fluid and those dominated by the
static hold-up of the same fluid are facilitated when the velocity of the fluid
in the dynamic zone (1) is less than the transfer velocity establishing
between the dynamic zones (1) and the static zones (2). In such
conditions, a dissolved element contained in a fluid flowing in the dynamic
zone (1) can reach the fluid retained in the static zone (2) and react with
the elements present in the static zone (2). Such phenomenon may allow
an exploitation, for example, of the adsorption properties of materials with a
low granulometry and thus an elevated specific surface in the static zone
(2), while insuring a permeability or conductivity compatible with interesting
capacities of treatment in the dynamic zone (1) for a given fluid.

On the other hand, such an oriented structure (10) provides a good

horizontal or vertical spreading of the particulate material hold-up (egP)

coming from the fluid treated and from the biomass (asb) growing in the
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structure (10). For example, in a vertically oriented structure (10) operated
in a percolating mode, and provided that the materials and the operating

conditions are chosen so to help the transfer of the dissolved elements

between the static zones (2) and the dynamic zones (1), the biomass will
first have a tendency to grow inside the static zones (g] S) or at the junction

of the static and dynamic zones where the shearing forces are less present "
or absent. By allowing a better vertical repartition of the solid material

accumulated (egP) or neo-formed (e5P), such operating conditions thus

enhance a Iong‘ term maintenance of the gaseous hold-up all over the
height of the trickling bed and a better circulation of the gaseous or liquid
fluids.

Moreover, an oriented structure according to the invention, may present a
humidity level, associated with the static liquid hold-up (g S) sufficient to
maintain a catabolic activity during a shutdown period of the reactor

thereby enhancing a reduction of the accumulated biomass (esb). Upon

restarting the operation, the biomass will rapidly resume its anabolic
activity, since the biomass is not in a dehydrated state causing the death of

micro-organisms or their transformation into a resistant form.

The juxtaposition of layers (16, 18) preferably comprises layers of a first
material (16) having a first porosity alternating with layers of a second

material (18) having a second porosity.

The first material (16) is preferably a fibrous material, more preferably it is
a fiber textile, and most preferably a geotextile is chosen. The geotextile
preferably has a porosity of approximately 95 to 97 % and is composed of
slightly consolidated polypropylene fibres. "
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The second material (18) is preferably a particulate material selected from
the group consisting of sand and peat. Most preferably, it is peat moss
having a Von Post between H2 and H5.

Referring now to figures 5, 6a) and 6b), the manufacture of oriented
structures (10) made by the aliernation or inclusion in a given plan of
sections of material having a different porosity can be manufactured in
hany ways. For example, and in a non-limited manner, three examples of
manufacturing processes are described below.

Referring to figure 5, the juxtaposition of layers (16, 18) of porous material
can take the form of a roll of a first material (16) having a first porosity,
preferably a mat of geotextile, with a second material (18) having a second
porosity, preferably a particulate material such as peat or sand. Such a
vertical filtration or biofiltration structure (10) made of juxtaposed layers
(16, 18) can be manufactured by rolling up a mat of textile fibre, such as a
geotextile, previously covered with a uniform layer of a particulate material
such as sand or peat. Once the rolling-up is completed and strengthened,
the roll thus formed can be used in a vertical position, either in a
percolation mode or in a submerged mode, as shown in figure 1a) to 1c).

Alternatively, the roll can be manufactured by providing two mats of a first
porous material, for example two mats of geotexiile, and providing a
second porous and particulate material, for example a peat. Then a
multilayer structure is formed by covering one of the mats of geotextile with
a layer of the second matérial and then covering the layer of the second
material with the other mats of geotextile. The multilayer thus formed is roll

up to form the roll.

Preferably, the two mats of geotextile are attached to each other, by means

of tacks, by needled-punch or any other means known in the art.
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Also alternatively, a roll according to the invention can be manufactured by
rolling up together mats of fibrous material having different porosity. For
example, a first geotextile with a first porosity can be rolled up with a

geotextile having a second porosity.

Referring to figure 6a), another mode of realisation ‘consists in the pilling

up, in a reservoir or any given container (thé reservoir is not illustrated in
the figure), of layers of sand or peat (18) alternating with layers of textile
(16), preferably a geotextile. Such filtration or biofiltration structure is

preferably devised to be operated horizontally in a submerged mode, as in
figure 2.

Alternatively, the structure can be obtained by pilling up layers of textile

having different porosity.

A further mode of realisation shown in figure 6b) rests on the inclusion, in a
mass of particulate material (18), such as sand or peat, of sections (16) of
different shapes of material having a greater porosity than the porosity of
the particulate material. One will note that such oriented structure (10) can
be operated vertically or horizontally.

Otherwise, no matter the mode of realisation chosen, at least one self-
supporting material, in a given plane, can increase the resistance to the
compaction phenomena often observed in filtration or biofiltration bed. With
time, compaction might significantly reduce the gaséous hold-up of the bed
and consequently, its oxidation capacity. In the same manner, the selection

of at least one less expensive material, most of the time in bulk, can help
reducing significantly the manufacturing costs.

Other manufacturing strategies can also be retained aiming at the

replacement of pari(s) of the oriented structure (10) or aiming at increasing

its capacity to accumulate solids (egP and ssb). As illustrated in figure 7, a
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sacrificial maintenance can be realised, for example, by cutting into two
sections a vertical structure made by rolling-up. As the solids tend to
accumulate more in the upper part (22) of the oriented structure (10), the
replagement of the upper part (22), as shown in figure 7, allows a better
use of the lower part by increasing its useful lifetime. A sacrificial
maintenance can also be realised by manufacturing at first a stack of at
least two rolis of a vertical structure and then removing the upper most roll
of the stack.

Turning now to figure 8, the capacity to accumulate the solids can be
iIncreased by using a differential of porosity and porometry in the inlet zone
(24) of the layers. Thus according to a preferred aspect of the invention,
the oriented structure (10) comprises an inlet zone located at theatop side
of the structure (10). The inlet zone (24) comprises a juxtaposition of layers
of a third porous material (20) alternating with layers of the first material
(16), each layer of the third material (20) topping a layer of the second
material (18) and each layer of the first material (16) in the inlet zone (24)
being an extension of a layer of the first m.aterial (16). The third material
(20) is preferably more porous than the first and second material (16, 18).

For example, the use of a thin zone of highly porous material above the

material which enhances the static hold-ljp allows an increase in the
capacity to accumulate solids (egP and esb) in the upstream part of the

reservoilr.

A reactor (30) for filtering a liquid embodying features of the invention is
illustrated in figure 9. The reactor (30) comprises a chamber (32) with an
upper portion and a lower portion. A liquid inlet (38) is provided in the
upper portion for introducing in the chamber (32) a liquid to be filtered and
a liquid outlet (40) is provided in the lower portion for discharging from the
chamber (32) a filtered liquid.
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At least one oriented structure (10) as defined above is mounted within the
chamber (32). Each layer (16, 18) of the oriented structure (10) IS spanning

generally vertically within the chamber (32) so that the general flowing
direction of the liquid in the chamber (32) is parallel to the layers (16, 18).

Although the oriented structure (10) used in the reactor (30) can take many
of the forms described above, the oriented structure (10) in the form of a
roll, as the one shown in figure 5, is preferred. Most preferably, a single roll

sized to fill up the chamber is used. In that case, the chamber (32) is
cylindrical.

The reactor (30) preferably has an open top and a removable cover (42) for
closing the open top, the liquid inlet (38) being located in the cover (42). In
order to facilitate maintenance of the reactor (30), the oriented structure
(10) may advantageously be mounted on a supporting structure (50)
removable from the chamber (32), thereby allowing a used structure (10) to

be easily removed from the chamber (32) for replacement purposes.

Preferably, the supporting structure (50) comprises a disk-shaped base
plate (52) mountable within the chamber (32) and an upright rod (54)
around which the layers of the oriented structure (10) are rolled up. The rod
(54) is extending upwardly from the centre of the base plate (52) and has a
top end (56) protruding from the roll whereby the oriented structure (10) is
removable from the chamber (32) by pulling on the top end (56) of the
supporting structure (50). | |

The rod (54), which is preferably hollow, comprises an air inlet (58)
provided near the top end (56), or at the top end, of the rod (54) for
allowing aeration of the oriented structure (10).

The base plate (52) can be made of any rigid material capable of
supporting the roll, such as steel.



WO 02/06166

10

15

20

CA 02410541 2002-11-25
PCT/CA01/01022

17

Also preferably, a splash plate (60), a nozzle or any other distribution
device is mounted at the top end (66) of the rod (64). The cover (42) is
designed so that the liquid inlet (38) be located just above the splash plate
(60), thereby allowing the liquid dripping from the liquid inlet and falling on
the splash plate (60) to be distributed all over the oriented structure (10).

The reactor (30) can be used alone or in combination with other similar

reactors (30) in a treatment plant (42), as shown in figure 10. In this case, :
the liquid outlets (40) of each reactor (30) can be linked all together by

means of a discharged pipe (44) extending horizontally under the reactors
(30).

Examples

The two following examples illustrate the interest of an oriented biofilter
structure formed with the vertical alternation of peat zones where the static
hold-up effect dominates, and of texiile fibre zones where dynamic hold-up

effect dominates. In both cases, the oriented structure has been
manufactured by rolling-up.

The first Table allows to compare the treatment capacity of a filtering bed
composed of 100% of peat with the treatment capacity of an oriented
structure composed of the vertical alternation of peat zones and non-
woven textile fibre zones. Both° reactors have been used for the treatment

of waste water and have been operated in a percolating mode during three
months.



CA 02410541 2002-11-25
WO 02/06166 PCT/CA01/01022

18

Table 1: Comparison between the treatment capacity of an oriented vertical
filter structure according to the present invention and a 100% peat bed.

p— e —— ———

Parameters t 100% péat bed

Structure of textile

fibre and peat

L aama g

T

“Treatment capacity

45
(kg treated matter/m2)*

* Dissolved matter and pgriiculate matter (BODg and TSS)

For comparable treatment efficiencies, the verticai oriented structure shows

5 . atreatment capacity 4 to 5 times greater than the treatment capacity of the
100% peat bed.

Table 2 shows the effect of the presence of the static zones (peat layers) in
a biofiltration structure having a height of 40 cm formed by rolling-up a mat
of non-woven textile fibre, and operated vertically in a percolating mode. In’
10  such a case, the effluent treated was a landfill leachate containing from
200 to 250 mg/L of BODs, from 100 to 150 mg/L of NH4 and from 60 to

100 mg/L of TSS.
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Table 2: Comparison of the average treatment efficiencies for filter bodies
composed of geotextile rolled up vertically with or without peat zones

e P el e et

| Parameters | With static hold-| Without static Difference
| up zones made { hold-up zones

of peat made of peat ‘}
% removal of]  71(15) "~ 49(13) 3% ]
'BODs | T
(% nitrification of|  45(10) |  34(9) i’ - 25%
NH4
% . removal of|  34(6) T 10(9) wr‘"""""*ﬂ% |
lTSS (total
| suspended solid)
% temoval of - 75(8) | 48(3) j - 36% ,
coliforms |
| % removal of iron W ) *35(6) - 4 29% ]
% removal of 38(6) 19(6) 50%

i Zine

() number of values included in the eive?a?;e

-

N e S I‘-

The incorporation of the layers of peat alternating with the layers of textile

5
evaluated.

fibers allowed an increase in the efficacy of the main parameters
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WHAT IS CLAIMED |IS:

A method for treating waste water by oxidising carbonaceous and

nitrogenous matters and retaining solids, by means of biofiltration, comprising
the steps of:

a) providing an oriented structure comprising:

— an inlet end for receiving waste water and an outlet end opposite

the inlet end and from which treated water is discharged,;

— a juxtaposition of layers of porous material having a different
porosity, each layer spanning from the inlet end to the outlet end of the
structure whereby In use the layers are oriented generally parallel to a
flowing direction of the waste water, the oriented structure being
characterized in that:

— the juxtaposition of layers is chosen to comprise layers of a first
material consisting of a fibrous material having a first porosity to create a
zone of dynamic hold-up of the water aiternating with layers of a second
material selected from the group consisting of fibrous and particulate
material having a second porosity which is smaller than the porosity of
said first porosity to create a zone of static hold-up of the water, when the
water is allowed to flow in the structure in a percolating mode;

b) feeding the inlet of the oriented structure with waste water and

allowing the water to flow into the structure from the inlet end to the outlet end in
a percolating mode to provide internal exchanges between the zone of dynamic
hold-up and the zone of static hold-up by maintaining the velocity of fluid in the
dynamic zone less than the transfer velocity between the dynamic and the static

The method as claimed in claim 1, wherein the juxtaposition of layers of

porous material is in the form of a roll of said first material with said second
material.
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3. The method as claimed in claim 2, wherein the first material iIs a

geotextile.

4. 4. The method as claimed In claim 1, wherein the second material Is a

particulate material.

5. The method as claimed in claim 4, wherein the particulate material is

selected from the group consisting of sand and peat.

6.  The method as claimed in claim 1, wherein the layers of porous material

are vertically oriented.

/. The method as claimed in claim 6, comprising a top side and a bottom

side, the top side being the inlet end and the bottom side being the outlet end.

8. The method as claimed in claim 7, comprising an inlet zone located at the
top side of the structure, the inlet zone comprising a juxtaposition of layers of a
third porous material alternating with layers of the first material, each layer of the
third material topping a layer of the second material and each layer of the first

material in the inlet zone being an extension of a layer of the first material.

9. The method as claimed In claim 8, wherein the third material is more

porous than the first and second material.

10. The method as claimed in claim 1, wherein the oriented structure is
mounted within a chamber of a reactor for treating a liquid, the reactor
comprising:
the chamber with an upper portion and a lower portion;

a liquid inlet in the upper portion for introducing in the chamber a liquid to be
treated and a liquid outlet in the lower portion for discharging from the chamber
a treated liquid; and

each layer of the at least one oriented structure spanning generally vertically

within the chamber.
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11. The method as claimed in claim 10, wherein the juxtaposition of the
oriented structure comprises layers of geotextile alternating with layers of peat.

12. The method as claimed in claim 11, wherein the oriented structure is in

the form of a roll obtained by rolling up a multilayer structure including a layer of
peat sandwiched between two mats of geotextile.

13. The method as claimed in claim 12, comprising only one of said roll sized
to fill up the chamber.

14. The method as claimed in claim 13, whereby the chamber has an open

top and a removable cover for closing the open top, the liquid inlet being located
in the cover .

15. The method as claimed in claim 14, wherein the oriented structure is

mounted on a supporting structure removable from the chamber.

16. The method as claimed in claim 15, wherein the chamber is cylindrical
and the supporting structure comprises a disk-shaped base plate mountable
within the chamber and an upright rod around which the layers of the oriented
structure are rolled up, the rod extending upwardly from the centre of the base
plate and having a top end protruding from the roll whereby the oriented

structure is removable from the chamber by pulling on the top end of the
supporting structure.
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